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Osteoarthritis of the knee joint is a leading cause of disability in older patients. The proximal tibiofibular joint (PTFJ) can be considered the fourth compartment of the knee joint (1Á4). The PTFJ is a synovial joint that is formed after the 12th week of fetal life, and it communicates with the knee in ratio (SNR) and higher resolution for cartilage imaging (11Á13). The T2 assessment of articular cartilage and 3T MRI are gaining clinical acceptance for the evaluation of osteoarthritis (OA) and its related conditions (12Á18). The T2 relaxation time (T2 value) is a measurable MRI parameter. T2 relaxation mapping has been introduced to assess early biochemical changes in cartilage degeneration prior to morphological changes (11, 14, 17, 19) . However, there have been no studies of the T2 values of PTFJ cartilage (PTFJ). We therefore aimed to assess the T2 values of PTFJ by 3T MRI and to evaluate the clinical utility of PTFJ (average T2 value of proximal tibiofibular joint cartilage in one subject) for the diagnosis of OA.
Material and Methods

Patients
We selected patients by searching the Picture Archiving and Communication System (PACS) radiology information system at our institution (October 2007 to May 2008) for knee MR images requested from the cartilage regeneration center at our institution. The inclusion criteria required patients who had had knee MRI and radiography of the same joint, with a time interval between knee MRI and radiography of 51 month. When the patients had had more than one MR examination, only the first was enrolled. Exclusion criteria were artifacts on MRI (e.g., motion artifacts) and prior surgery or arthroscopy. Patients aged 514 years were excluded because epiphyseal ossification is not complete. The search yielded 118 subjects: 37 men and 81 women, aged 18Á78 years (mean 55.4 years). A retrospective analysis of the knee MRI of these selected patients was performed. The study had institutional review board approval by the ethics committee of the Ajou University Medical Center.
MRI protocol
MRI was performed using a 3T MR imager (Intera Achieva; Philips Medical Systems, Best, The Netherlands), using a commercially available knee coil (SENSE Knee Coil 3.0T, eight channels; Invivo, Gainesville, Fla., USA). For morphological evaluation, the protocol included three sequences: i) coronal T2-weighted spin-echo (SE) imaging (repetition/echo time [TR/TE] 3000/100 ms, field of view (FOV) 15 )15 cm, slice thickness 3 mm, matrix 376)376); ii) sagittal three dimensional (3D) water excitation fast-field-echo (FFE) pulse sequence (TR/TE 20/5.1 ms, flip angle [FA] 108, FOV 15 ) 15 cm, slice thickness 3 mm, matrix 304)304) and iii) axial 3D water excitation FFE pulse sequence (TR/TE 20/5.1 ms, FA 108, FOV 15 )15 cm, slice thickness 3 mm, matrix 304)304). Subsequent T2 quantification sequences were obtained using a sagittal multi-echo SE acquisition with a TR of 3000 ms and five echo times (20, 40, 60, 80 , and 100 ms). For the T2 quantification sequence, the FOV was 150)150 mm, with a pixel matrix of 512)512 (768)768 for image reconstruction) and a slice thickness/gap of 2/1 mm. The bandwidth was 262 Hz/pixel. Twenty-five sections were acquired per single excitation, and the total acquisition time was 17 min 20 s. The total imaging time, including that for localizers and positioning, was 40 min.
Plain radiographic assessment Two radiologists, with 7 and 15 years of experience, worked in consensus and used the KellgrenÁ Lawrence (KL) scoring system to grade OA with standing anteroposterior and standing flexion posteroanterior radiographs (14, 17, 20) . The radiologists were blinded to patient information during evaluation. The KL scoring system has five categories: 0, no features of OA; 1, minute osteophytes of doubtful importance (doubtful); 2, definite osteophytes without reduction of the joint space (minimal); 3, joint space has diminished (moderate); and 4, greatly reduced joint space and sclerosis of the subchondral bone (severe) (14, 17, 20) .
Postprocessing of MR images MR images were transferred to an independent Advantage workstation (General Electric Medical Systems, Milwaukee, Wisc., USA) for off-line analysis of cartilage and the quantification of T2 relaxation times. The T2 maps were reconstructed by fitting the image intensity pixel by pixel to the expression (11, 14, 15) 
S(TE) 8 exp((TE=T2):
Two regions of interest (ROIs) were manually drawn by an experienced musculoskeletal radiologist with 7 years of experience in consensus with an orthopedic surgeon (Figs. 1 and 2) (11). They were blinded to patient information and KL score during evaluation. The color-coded T2 map of cartilage was superimposed on the first echo image with the shortest TE ( Figs. 1 and 2 ). The first ROI that covered the full thickness of the two cartilage layers was positioned within the PTFJ, as shown in Fig. 1 . All sagittal T2-weighted images with variable TEs were used together to differentiate cartilage from adjacent soft-tissue structures when drawing the ROIs. The second ROI was positioned within the weight-bearing medial femoral cartilage, which is most clinically relevant with regard to early degenerative disease ( Fig. 2 ) (21Á23). On mid-sagittal imaging of medial femoral condyle (MFC), the second ROI was positioned to cover the full thickness of the medial femoral cartilage between the point opposite the middle of the tibial plateau and the posterior edge of the meniscus dorsal horn ( Fig. 2 ) (11, 21Á23). The second ROI was positioned on the articular cartilage between the mid-point of the MFC and posterior edge of the meniscus dorsal horn, because it can be used as a control ROI, and the second ROI can have similar angle and repro-ducibility to PTFJ cartilage (11, 21, 24) . To reduce artifacts and outliers, regions with a relaxation time 150 ms in T2 maps were manually removed from the ROIs (14, 15, 17) . The average T2 value and standard deviation (SD) of the first and second ROIs were recorded as PTFJ, PTFJ SD (standard deviation of T2 values within proximal tibiofibular joint cartilage in one subject), MFC (average T2 value of medial femoral condylar cartilage in one subject), and MFC SD (standard deviation of T2 values within medial femoral condylar cartilage in one subject). Using PTFJ cartilage as a standard reference, the T2 index and T2 standard deviation index (T2 SD index) were calculated using the equations (12, 25) T2 index 0 (MFC=PTFJ))100
Statistical analysis
For statistical analysis, SPSS 12.0 (SPSS Institute, Chicago, Ill., USA) was used. Mean values of PTFJ, PTFJ SD , MFC, and MFC SD were calculated. The paired t test was used to compare PTFJ with MFC, and PTFJ SD with MFC SD . Bivariate Pearson correlation analyses were performed among the parameters age, KL score, PTFJ, PTFJ SD , MFC, MFC SD , T2 index, and T2 SD index. One-way analysis of variance (ANOVA) was used to compare PTFJ, PTFJ SD , MFC, MFC SD , and T2 index, and the T2 SD index after regrouping KL scores 1 and 2 together as the mild OA group and KL scores 3 and 4 as the severe OA group (15, 17) . The level of significance was PB0.05.
Results
One hundred eighteen consecutive subjects were enrolled in the study. Based on radiographs, nine patients had a KL score of 0, nine had a score of 1, 40 had a score of 2, 41 had a score of 3, and 19 had a score of 4. In three cases, the PTFJ space was too narrow to draw the first ROI. In 21 cases, it was impossible to draw the second ROI at the MFC because of full-thickness cartilage defects at the posterior half of the weight-bearing portion of the MFC. The mean value of PTFJ was 45.794.8 ms, and the mean value of MFC was 54.595.5 ms. The mean values of PTFJ were significantly shorter than those of MFC (P B0.0001). The mean values of PTFJ SD and MFC SD were 7.392.8 and 1194.7 ms, respectively. The mean values of PTFJ SD were significantly lower than those of MFC SD (PB 0.0001). Box plots of T2 values (PTFJ and MFC) at each KL score are shown in Fig. 3 . Box plots of standard deviations (PTFJ SD , MFC SD ) at each KL score are shown in Fig. 4 . The distribution of PTFJ and MFC according to age is shown in Fig. 5 . Age, MFC, MFC SD , and T2 SD index were positively correlated with KL score (PB0.0001, 0.047, 0.012, and 0.009, respectively). However, there was no significant correlation between PTFJ and age (P0 0.123) or between PTFJ and KL score (P 00.643). Line graphs of the parameters of MFC, MFC SD , T2 index, and T2 SD index at each KL score are shown in Fig. 6 . Correlations of all parameters are shown in Table 1 .
After regrouping KL scores, nine patients were graded as normal (KL score of 0), 49 patients were classified as having mild OA (KL score of 1 or 2), and 60 patients were classified as having severe OA (KL score of 3 or 4). Additional one-way ANOVA showed that MFC SD and T2 SD index increased significantly between the mild and severe OA groups (P 00.049 and 0.007). However, there was no significant difference in MFC SD and T2 SD index between the normal group and patients with mild OA (P 00.317 and 0.643; Table 2 ).
Discussion
MRI and quantitative T2 assessment of cartilage have significantly improved in recent years because of the development of clinical high-field MR systems operating at 3 Tesla (11Á13). Alterations in T2 values have been shown to correlate with changes in water content, as well as collagen structure and organization, associated with changes in hyaline cartilage and its degradation (11, 14, 17) . DUNN et al. (17) reported that healthy subjects had mean T2 values of 32.1Á35.0 ms using 1.5T MRI. DOMAYER et al. (12) reported that the global T2 value of normal hyaline cartilage is 58.597 ms with 3T MRI. WELSCH et al. (11) found similar mean T2 values in areas of normal articular cartilage. We found that the mean T2 value of the second ROI at the MFC was 54.595.5 ms. To our knowledge, there have been no studies of the T2 relaxation time of PTFJ cartilage. We found that the mean T2 value of PTFJ cartilage was 45.794.8 ms. The mean PTFJ was significantly shorter than the mean MFC (PB0.0001; Fig. 3 ). The first ROI within the PTFJ cartilage showed more homogeneous T2 values than did the second ROI at the MFC (PTFJ SD 7.392.8 ms and MFC SD 1194.7 ms; P B0.0001; Fig. 4 ). Even though there have been no reports on the cause of the T2 value difference between the PTFJ and MFC, OA is rarely observed in the PTFJ (9, 10). The evaluation and treatment of patients with early-stage OA is dependent upon the accurate assessment of cartilage lesions. However, standard cartilage MRI techniques are inconclusive in quantifying early degenerative changes (14) . It is well known that the T2 relaxation time increases with the degree of cartilage degeneration (14, 17, 18) . T2 mapping is a promising method for the evaluation of articular cartilage, although some debate still exists. KOFF et al. (15) reported that T2 values are not sensitive to changes in radiographic stages of OA, and LI et al. (14) reported that T2 values may be less sensitive than T1(r) for distinguishing OA from controls. Our study showed a weak positive correlation between MFC SD and age (P00.001) and weak negative correlation between PTFJ SD and Fig. 6 . Line graph of the trends in the parameters of MFC, MFC SD , T2 index, and T2 SD index, according to KL score. The T2 SD index showed a more prominent increasing trend with increases in the KL score.
age (P00.001). Age, MFC, MFC SD , and T2 SD index were positively correlated with KL score (P B0.0001, 0.047, 0.012, and 0.009, respectively; Table 1 ). Recently, BLUMENKRANTZ et al. (25) reported that T2 values in osteoarthritic cartilage are elevated and more heterogeneous than those in healthy cartilage. DUNN et al. (17) reported that z score conversion of the T2 values using the standard deviation of healthy subjects can enable better differentiation from healthy cartilage in diagnosing OA. PTFJ cartilage would be a good candidate as a standard reference for cartilage imaging because it has a homogeneous T2 relaxation time with a small standard deviation, regardless of the extent of OA in the femorotibial compartments. In addition, PTFJ could be easily included on sagittal raw MR images for T2 mapping.
We calculated the T2 index and T2 SD index using PTFJ cartilage as a standard reference (12, 25) . There was a positive correlation between MFC SD and KL score (P 00.012) and between T2 SD index and KL score (P00.009). Additional one-way ANOVA showed that MFC SD and T2 SD index increased significantly between the mild and severe OA groups (P 0 0.049 and 0.007; Table 2 ). The MFC SD increased as KL score increased, but the T2 SD index showed a more prominent trend (Fig. 6) .
Our study has several limitations. First, there was a small number of normal patients (KL score of 0) and a lack of direct histological correlation for the PTFJ. Further investigations with healthy volunteers and histological correlation with cadavers are needed to fully assess normal T2 values of the PTFJ. Second, there were a few cases where the PTFJ space was too narrow to draw an ROI. Third, there was the possibility that the calculated T2 relaxation times may be biased due to the selection of a relatively long first echo time (20 ms). Fourth, even though assessment of cartilage T2 values with full-thickness ROIs may not be the most sensitive method to analyze underlying T2 differences, full-thickness ROIs of cartilage were used in this study to assess the T2 values of the PTFJ for a comparison with the MFC and the results of previous studies. Further investigations are expected, including delayed gadolinium-enhanced MR imaging of cartilage (dGEMRIC), T1(r), histological correlation, and comparison between low-field-strength and high-field-strength MRI for PTFJ cartilage (14, 22, 26Á30) .
In conclusion, the mean T2 value of PTFJ was 45.794.8 ms. The mean PTFJ was significantly shorter than the mean MFC (PB0.0001). PTFJ cartilage showed more homogeneous T2 values than did MFC cartilage (PTFJ SD 7.392.8 ms and MFC SD 1194.7 ms; PB0.0001). PTFJ was not correlated with age or KL score (P00.123 and 0.643, respectively). PTFJ cartilage may be useful as an internal standard reference for the diagnosis of OA.
